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MULTIPLE-HEAD WIRE-BONDING SYSTEM 

Field of the invention 

5 

The invention relates to a wire-bonding system for bonding the contacts of 
semiconductor chips to leadframes, and in particular, to wire-bonding systems 
with multiple bond heads. 

10 Background and Prior Art 

In the process of forming a semiconductor integrated circuit package, wire- 
bonders are commonly used to bond wires, for example, copper or gold wires 
on electrical onntacts on semiconductor chips and corresponding leadframe 

15 leads in order to electrically connect the contacts on semiconductor chip3 to 
the leads on Ieadframe3. Thereafter, the semiconductor chip is encapsulated 
with epoxy resin to form semiconductor packages and then each package Is 
singulated. The wire-bonders include bond-heads comprising ultrasonic 
transducers, that U3e high-frequency vibrations to affix the wires to the 

20 contacts and leadframes. 

Traditionally, wire-bonders have used single bond-heads due to the simplicity 
Of implementation. Single bond heads avoid the problem of interference 
caused _by multiple bond-heads, which would lead to inaccurate bonding if 
25 vibrations caused by one bond-head working on one work holder reverberates 
to an adjacent bond-head and work holder. Further,* single bond-head leads 
to a less complicated design in terms of machinery and work-flow. 

Nevertheless, the use of single bond-heads have certain shortcomings. One 
30 disadvantage Is that single-head wire-bonders lead to greater footprints if 
several wire-bonder machines are to be implemented. Thus, if multiple wire- 
honders are implemented in an in-line system, valuable tlnor-space is wasted 
as a result of the larger foot-print. Further, having single bond-heads slows 
down the wire-bonding process if, for instance, different bonding processes 
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like alternate patterns or different wire size3 are to be performed on the same 
leadrrame. If the wire-bonder has multiple bond-heads on the same system 
that are substantially adjacent to each oilier, the different bonding processes 
can be earned out consecutively with less transportation time required to 

5 transfer the leadframe from one bond-head to another. 
Summary of the Invention 

Thus, the invention seeks to provide an improved wire-bonding system 
10 comprising multiple bond-heads to avoid some of the disadvantages of the 
prior art consisting of single bond-head systems. 

Accordingly, the invention provides a wire-bonding apparatus tnr forming 
electrical connections between a semiconductor chip and a leadframe, 
15 comprising a plurality of bond-heads associated with a plurality of work 
holders on said wire bonding apparatus foi holding a plurality ot leadframes, 
wherein each bond-head of the apparatus is capable of independent bonding 
operation simultaneously with the other bond-heads, without synchronization 
of movement with the other bond-heads. 

20 

It will be convenient to hereinafter describe the invention in greater detail by 
reference to the accompanying drawings which illustrate one embodiment of 
the invention The particularity of the drawings and the related description is 
not to b§ undeistood as superseding the generality of the broad identification 
25 of the invention a3 defined by the claims. 

\> 

Brief Des cription of the Drawings 

Figure 1 is a front elevation view of a single-head wire-bonder of the prior art. 

30 

Figure 2 is a front elevatiun view of a iwin-head wire bonder according to a 
preferred embodiment of the invention. 
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Figure 3 is a front elevation view of two Iwin-head wire-bonders configured 
adjacent to each other as part of on in-line system for the assembly of 
semiconductor packages according to another embodiment of the invention. 

5 Figure 4 is a front view of a cardcage usable with the preferred embodiments 
of the invention. 

Figurp 5 is a schematic plan view of a twin-head wiie-bonder that illustrates 
one work-flow configuration for the wire-bonding of Icadframes according to 
10 the second preferred embodiment of the wire-bonding system, 

Figure 6 is a schematic plan view of a twin-head wire-bonder that illustrates 
another work-flow configuration Tor the wire-bonding of leadframes as an 
alternative to Figure 5. 

15 

Detailed description of the pi eferred embodiment of the invention 

Fiyure 1 is a front elevation view of a single head wire-bonder 100 of the prior 
art. The single-head wire-bonder 1DU has a work holder 102 located 

20 substantially centrally on the single-head wire-bonder 10U tor holding and 
indexing leadframes during the wire-bonding process. Wires are bonded to 
the Icadframes using bond-head 104, commonly an ultrasonic transducer, in a 
process referred to as wedge bonding. The single-head wire-bonder 100 that 
is illustrated has a stand-alone configuration, and therefore, magazines 106, 

25 108 can be used to store unprocessed as well as processed leadframes. 
Unprocessed leadframes may be stored in the left magazine 106 supported 
by a left elevator 110, whereas processed leadframes can be stored in ths 
right magazine 108 supported by a right elevator 112. 

30 There Is optionally a set of computer monitors 1 14 to monitor the progress of 
the wire-bonding as well as to assist in setting the parameters for the wire- 
bonds. The foregoing components sit on a lower chassis with a cardcage 
116. 
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Figure 2 is o front elevation view of a twin-head wire-bonder 10 according to a 
preferred embodiment of the invention. The wire-bonder 10 has two work 
holders 12, 14 positioned adjacent to each other The work holders 12, 14 
can each hold and index a leadframe such that two leadframes may be 
5 processed simultaneously. The work holders can be indexed in the X-axis. 
Theie are two bond-heads its, 18. each of which is positioned above a worK 
holder 12, 14, for wiring the semiconductor chips located on each leadframe. 
'I he bond-heads 16, 18 are movable in the x- and y-axes. Although for ease 
of understanding the invention, only two bond heads are illustrated in the 
10 preferred embodiment, it would be appreciated that the apparatus can be 
manufactured with more than two bond-heads associated with more than two 
work holders. 

Fach bond-head 16, 18 is controlled by a separate controller board so that it 
15 is capable, of independent bonding operation, although the bond-heads are 
operated simultaneously. Thus the Pond-heads 16, 18 are capable of 
simultaneous bonding of different types of wires. For example, one bond- 
head could conduct bonding with gold wires and another bond-head could 
simultaneously conduct bonding with copper wires, or wires of different 
20 diameters could be used by different bond-heads at the same time. Further, 
each bond-head could conduct bonding with a different pattern. 

Due ter the vibrations that would be generated by the simultaneously ongoing 
bonding_processes, it is desirable to leave a gap between the work holders 

25 12, 14 so that vibration caused on one work holder will not affect the accuiacy 
of bonding on the other. Each of the work holders 14 rests on a separate 
base platform, wherein each base platform is separated from another by a 
gap. Each base platform is in turn separated from direct contact with a 
common lower chassis on which it rests by a vibration-insulating material to 

30 minimize transmission of vibration from one base platform to the other. 

Figure 2 illustrates the wire-bonder 10 with a stand-alone configuration, such 
that storage means, such as magazines 20. 22 can be used to store 
unpiocessed leadframes in one magazine 20 as well as processed 
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leadframgs in the other magazine 22. The left magazine 20 is supported by a 
left elevator 24 and the right magazine 22 is supported by a right elevator 26. 
Each magazine 20, 22 has a plurality of slots (not shown) aligned with the 
orientation of the leadframes when they are being transported, each of the 

5 slots being designed to store a leadframe. The left and right elevators 24. 26 
raise and lower the left and ityht magazines 20. 77 When a leadframe stored 
in the magazine 20 is elevated to register with the work holders 12, 14, a 
kicker mechanism pushes the leadframe out of the left magazine 20 and onto 
the left work holder 12. The leadframe may also be movsd to the right work 

10 holder 14 for wire-bonding to be performed there. After wire-bonding has 
been performed, there is another kicker mechanism adjacent to the right work 
holder 14 to push the processed leadframe into an empty slot in the right 
magazine 22 for storage. Each slot of the magazine 22 is elevated in turn by 
the right elevator 26 rn register with the right work holder 14 consecutively 

15 until the magazine 22 is filled. 

Optionally, the wire-bonder 10 may include computer monitors 28 to monitor 
the progress of the wire-bonding as well as assisting in setting the parameters 
for the wire-bonds. The foregoing components sit on a lower chassis with a 
20 cardcage 30. It would he appreciated that the foot-print of the twin-head wire- 
bonder 10 (as determined by the base area of the lower chassis) is 
substantially similar to that of the single-head wire-bonder 100 although the 
capacrty of the wire bonder 10 has been increased, thus reducing the footprint 
that would previously be required for two single-head wire-bonders 100. 

2b 

Figure 3 is a front elevation view of two twin-head wire-bonders 10, 11 
configured adjacent to each other as part of an in-line system for the 
assembly of semiconductor packages according to another preferred 
embodiment or the invention. The difference between an in-line system and a 
30 stand-alone system is that in the in-line system, leadframes are transported 
directly from one processing machine (such as a die-bonder, wire-bonder, 
moulding machine and inspection machine) to another, "therefore, magazines 
are not necessary to store leadframes for transportation between one 
machine or set of machines to another 
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The second twin-head wire-bonder 11 has similar work holders 13. 1 5 and 
bond-heads 17,19 positioned above the work holders 13, 15. There may also 

optionally be computer monitors 29 to monitor the progress of the wirc- 
5 bonding and to assist in selling parameters for the process. The components 
are similarly supported on a lower chassis and cardcage 31. 

However, in this in-line configuration, there is no need for magazines 20, 22 or 

the left and right elevators 24, 26 which are preferable in the stand-alone 
10 configuration. Instead a Imp. transporter 38 (see Figure 5) including a series 

of rollers 32, 33 is used to transport leadframes from one machine tn another. 

Other processing machines in the in-line (not shown) would preferably have 

Similar line transporters 38 to receive or transfer leadframes to be processed. 

As it is preferable to have more than one transport path for the leadframes, as 
15 will be explained in more detail below, transport arms 34, 35, 36, 37 may be 

used to carry leadframes from one transport path to the other. 

Figure 4 is a front view of a cardcage 30 usable with the preferred 
embodiment of the invention. There is a main computer 60 with a 
20 microprocessui fur controlling the functions of me various components that 
are stored in the cardcage. The components will be described in turn. 

The cardcage 30 includes a right Z-movement driver 62, a right XYZ board 
with an embedded computer 64, and right input/output Bond Quality 

25 Monitoring board S6 to control bonding on the right 3ide. Correspondingly, 
there is a left input/output Bond Quality Monitoring board 68, left XYZ board 
with an embedded computer 70 and left input Z-movement driver 72 to control 
bonding on the left side. The advantage of having embedded cumputers (not 
shown) on the XYZ boards 64, 70 is that the processes can run faster and 

30 more efficiently, and take up less space as compared to having a separate 
dedicated persona! computer to control the boards. 

In addition, the cardcage 30 includes a work holder hoard 74 with embedded 
computer, an AC and stepper board 76, two Low Voltage quad stepper 
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boards 78 and a high voltage quad stepper board 80. There is also a 
solenoid driver 82 and a switch mode power supply 84. There are left and 
right (-drivers 06, 88 with heat sinks, left and right X-drivers 90, 92 with heat 
sinks and left and right Y driven 94, 96 with heal sinks. Advantageously, the 
5 uardcage 30 should also he installed with a number of cooling fans 93. 

The need for heat sinks with the drivers 36-96 and cooling tans 98 arises 
because of the compact design of the cardcage 30. In previous designs of 
the cardcage 30, the drivers were located away from ths cardcage 30 and 

1U closer to the moving components. Further, Ihe cardcage 30 formerly enly had 
to contain sufficient hardware to run one wire-bonder. Now, there must be 
sufficient hardware to tun two wire-bonders. Therefore, considerably more 
heat is generated and the cooling system needs to be correspondingly 
improved to dissipate heat away from the cardcage 30 and the components 

15 inside quickly and efficiently. 



Figure 5 is a schematic plan view of a twin-head wire-bonder 10 that 
illustrates one work-flow configuration for the wire-bonding of leadframes 40 
according to the second preferred embodiment of the wire-bonding system. 



20 



25 



Leadframes 40 enter the twin-head wire-bonder 10 via direction A onto the 
line transporter 38 having rollers 32 that are controlled by pulleys operated by 
a central microprocessor overseeing the whole assembly process. At this 
point, there is an option of transporting the leadframe 40 to the work holders 
12, 14 for wire-bonding or allow the ieadframe 40 to proceed directly along 
direction E. The latter situation would be preferable where, for example, in an 
in-line system with a plurality of wire-bonders (as in Figure 3), a leadframe 40 
has already been processed by another wsre-bonder. If a leadframe 40 is to 
be processed at this wire bonder 10, the transport arm 34 lifts the leadframe 
30 40 from the line transporter 38 and moves it in direction B towards a left 
input/output transporter 42. 

The work holders 17, 14 may each have a track on which a leadframe AO is 
slidablc and an indexer 48.50 adjacent the track to grip and position the 
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leadframe 40 relative to each associated bond-head IK, 18, and to slide the 
leadframe 40 across each work holder 12, 14. At the left input/output 
transporter 42. the leadframe 40 is gripped by a left indexer 48 and is moved 
across the track of the left work holder 1 2 to hp. positioned under the left bond- 
5 head 16 for wire bonding to proceed. Alternatively, the leadframe 40 may be 
released by the left indexer and gripped by the right indexer 50 to be moved 
across the liack of the right work holder 14 for wire-bonding by the right bond- 
head 18. If so, the left work holder 12 is able to receive another leadframe 40 
Tor wire-bonriing. 

10 

After processing, the leadframe 40 is pushed to the right input/output 
transporter 44 where it is lifted by a right transport arm 36 and moved in 
direction D to the end of the line transporter 38. The processed leadframe 40 
is then carried away from the wire-bonder 10 in direction h to the next 
15 machine in the in-line system. 

Figure 6 is a schematic plan view of a twin-head wire-bonder 10 that 
illustrate? another work-flow configuration for the wire-bonding of leadframes 
40, as an alternative to Figure 5. It illustrates that the wire-bonder 10 is 
20 capable of achieving more than one Input/output path. In particular, 
leadframes 40 may be moved in direction D1 or its reverse direction B2 by the 
left transport arm 34, or in direction C1 or its reverse direction C2 by the 
indexers 43, 50 of the work holders 1 2, 14. or in direction D1 or its reverse 
direction D2 by the right transport arm 36. 

25 

One advantage of this capability is that, if one of ttfe work holders 12, 14 is 
not functional, the other work holder may be used to process leadframes 40 
wilti no need to shut down the whole wire- bonder 10. For example, if the left 
work holder 12 is down, leadframes 40 entering the line transporter 30 from 
30 direction A do not have to be moved in direction B1 to the faulty left work 
holder 12. Instead, the leadframes 40 may proceed fuilher down the line 
transporter 38 and be moved by the right transport arm 36 to the right work 
holder 14 via direction D2. The leadframes 40 are then transported to the 
right work holder 14 via the right input-output transporter 44 in direction C1. 
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After wire-bonding is completed, the ieadframes 40 are moved in the reverse 
directions C2 and Dl, and back to the line transporter 33, 

It should be appreciated that the described embodiment of the invention 
5 achieves an independent multiple-head bonding system design, and 
interference between individual bond-heads is minimized. 



The invention described herein is susceptible to variations, modifications and/or 
additions other than those specifically described and it is to be understood thai 
10 the invention includes all such variations, modifications and/or additions which 
fall within the spirit and scope of the above description. 
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